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mation contained in this paper has already been reported to the 
ission on Inmunization, Army Epidemiological Boards 


‘e reported here resulted from the combined efforts of numerous — | 
ple at the Army Hedical Department Research and Graduate School. — 
is not feasible to mention each individual and his exact contri= — 

ion, since many provided part-time assistence in the preparation — 
of vacoine in addition to performing all of their reguier duties, 


Wy 


This — was ges by Joseph Ee ee Raymond Randall, and | 


awd 
OS 


Poke 


eink prepared from infected mouse brain was used during paws 
and in addition, a fornalinized vaccine prepared from infected ohiok oe os 
8 was employed in 1946, The latter tna been prepared on a develop= \ : 


\ 


1 basis ‘at the Army Medical Department becheran and Graduate School. \ 3 


ee to infection with the virus of Japanese encephalitis. peti A 


. either of the tio types of vaccines (3). In the fall of 1948 it became 


rot ; of necessity be scppiied by the Army Medical Department xesearch and 


aduate School because commercial production had been discontinued early in 
: : ae 


Facilities for the manufacture of the mouse brain type were not avail~ ae 


at the School. Japanese encephalitis vaccine, chick embryo types fluid, 2 


not entirely suitable since it was known to lose its immunogenic potency 


| stored at 5° C. for longer than one month (4). Various procedures w 2 


two of =e methods tested provided encouraging results. Urea added bs : 


‘ i } 
: ne} 
. eta 


three months. The second method, arpite from the frozen state, app ar et 


fer the best solution to the problem of deterioration. This report 


of the fine product. 


PROPARATION OF THB VACCINE 

Generel.» The vaccine, prepared from the Nakayama" strains is an uncentri- 
fuged 20%¢ suspension of infected chick enbryo tissue in buffered physiological 
saline solution saieen gil sufficient formaldehyde to inactivate the virus. 
When the fresh vaccine is no er infectious the residual formaldehyde is 
neut realized sith sodium. Sianicate and the fluid preparation is dried fron the 
frozen. state under carefully controlled conditions. 

Preparation of Seed Inocule.. ‘The “Nakayama” strain of virus usad for the 
preparation of vaceine was brought to the Scheel in 1942 as infected mouse 
brains For the past two and one-half years a line of this strain has ee 
nainteined by serial transfer in embryonated eggse .The seed virus consisys 
of a 20/5 concentration of pooled infected embryos (usually three per po.) 
which are suspended in buffered saline, pil 7.83.0 (Sorensen'’s buffer), by 
mechanioal shoking in a thickewalled vottle containing glass beadite The suse 
pension, after Teen centrifugation, is tested for bacterial sterility and 
then frozen and stored at «70° C, The infectious titer of the seed prepara- 
tion should be in the region of 1o7Fs0 when fresh and should be close to this 
figure after thawed for use. The frozen seed virus is discarded if not used 
within ten CyB 

Shortly before the seed virus is wg iri it is thawed and diluted 
with a solution of penicillin in such a manner that the final concentration 
of tissue is Loy and of penicillin 103 units per oc. Approxinately 500 eset 
axe inoculated with each pool of seed viruss | 


Preparotion and Harvesting of Vascine. Fertile eggs from white Leghorn 


F 


hens, free of infection with &. pullorun, are incubated for nine days at 39° C, 


"Prior to Feedage Bae one ‘hole is inde into the air Bac end 


io tho @iell in the Sais between the equator and the air ne 3 - 


re 2 Te sie iiacal Vawtiot 0, seubrire, wihneuk. back ice, of fluids ete 4 i 


=f not to rupture the emiotic sac, While still in the shell, the sac is 
2 tured and the enbryo is removed with Allis forceps. This method was 


: De saenticn. Pools of embryos weighing 1600-1700 grams are mest se colle’ 


: 8 es The material is coarsely ground in the first of two mille . 


ne solution, pl 768, is added slowly during the process to make a final 4 
a et ton, of 2053 embryo tine, The entire grinding procedure roquires | 


minutos for. each batch of a ' orens of tissue. A dediiek cies a 


satin es titered in poe, After the jedi sufficient formant 


, My 
“4. a 


- peek fon a final concentration of 002 : The Sane aera fe 


i the dark at 34° Ce in nine liter bottles for 1 


and 18th day the supernatant fluids from bottles of one or 
7 of aspirated. fron the sedinonted elude and poolede Residual ii, par 
‘in the supernatant fluids are removed by passaze through & fine nosh 8 a 
' Paatoi lita is now added te the pool in sufficient amounts to mace a 
concentration of 5 ike per CCo At this stage a sample of each. pod a 
‘tatean for test of bacterial potas £5 for gone | —s in aninels and i 
“Ammunogenic assaye | ; 2 
e Lyop hilization of Vaccine. The lyophilization apparatus ne ha 
a eames for drying 15 liters of vaccine in a 24 hour persons. £ 


oe) days ig iinabaly 16 liters of fornalinized, pooled vaocine, an 
which was sufficient for each day's lyophilizing, was removed from storage a 

: and processed as outlined below. | | Pe 

| Bo Hloutr alization of Dobasiankirte. The formaldehyde is the pooled : 

vaccine is neutralized by moans of sodium bisulfite. A 100 CCo canple 3 

3 “moved £ from the vaccine destined for drying on that day and. the oncunt ° 

. : sodium bisulfi te solution required to sopheakile the formaldehyde : in th 
. _ aliquot is detecnined, The technique pee younsy enployed with mouse oP 


vaccine (2) is used in the present procedures This ooneh era. of adding gi 


eer ee ae 


. Bottling and Freezing. Sufficient nerthiolate is added to bring the 
consentration to 1:10,000. The fluid material is distributed in 25 cc, 
otation in a:bath of alcohol and solid CO,. ‘The ampoules are thon stored 

2: Ge for one or two hours when they are attached to the lyophilizing machina. : 
; — Apparatus. A diagram of the apparatus used for érying ‘the 


ed by Pickels and Baver (6) who, in turn, modified the dppandtub of 

losdorf and tudd (7). : 

* Process of lyophilization. For the successful drying of Japanese , 

encephalitis vaccine it is essential that the frozen biological not be permitted 

; thew at any stage during the procedure. The initial period in the process : 
8 a highly crit*cal one, and the interval between the removal of the ampoules — 

rom =70° GC. storage and the time the frozen vaccine is subjected to oa high 

fi now must be short; in practice 16 minutes is required for loading and 


0 obtaining a vacuum of 30-50 microns with tho intornational Health Division - 


quipment. The drying cycle, which is completed in 24 hours, begins with a 
eriod lasting soveral hours during which the temperature of the air sur= | | 
gi ding the outside of the ampoules of vaccine is in the region of =20° Co a 
The air temperature slowly rises and reaches 0° Ce. 18 to 20 hours after a 
rting the run. Then the temperature is elevated rapidly to = 30° + and ; 
atained here during the 22nd to 24th hours of the cycle. The texparet r 


| | designated above are obtained in the carly ae by nechenicel 1 es - ation 
8: ‘ of ‘the compartment wall. which guetousas the ampoules (see Figure 1) ‘and in the 
last stage by the uso of electric hot air blowers (hair dryers). “after - h a 
second hour’, cireulation ‘of the air 6 naintained in each compartment by 1 38 : 
of electric blowers (hair dryers with heating olenent switched off), thus tin q j 
insuring uniform air temperature throughout a compartment. At the ond of { th 
cyole the vacuum in the system is between 1-3 microns of morourys A gre phic. 


illustration of the temperature and pressure readings fron a typical run Ae he 
presented in Figure 2 | 3 
At the end of the cycle, the line to the vacuum pump is closed and 


q "Superadry "5 oil-puapod, nitrogen (moisture content less than 0.002%) is é 
: passed through a column of a shaatogt drying agent and thence into the evacu 
: ated system until atmospheric pressure ig reachede 
: The manifolds with nitrogen charged ampoules attached are renoved frau 
a the machine and the necks of the ampoules are sealed with a gas-oxygen tore a 

: Ampoules of lyophilized vaccine are inspected and then stored at 5° Cewhili : 


a control tests are completed. | Pa | 
. a eg shipment of Vaccine. Ampoules ocnteining lyophilized Japanese encepha~ 
a : an litis vaccine, chick embryo type, are supplied in individual boxes contain: 
ae le "instructions on the method of rehydration together with a rubber stoppered 


rep aa bottle containing 25 cc. of sterile distilled water to be used for its rehy= 
{ dration, The dried vaccine is maintained at 5° C. Rehydrated vaccine is 


‘ also stored at 5° C. when not in actual use and unused portions are discar: 
ss after eight hours. 
Control Tests on Vaccines 


ae Safety and sterility tests. Tests for inactivation of virus hen Be 


ak Kmbryo Type, cites. August 7, 1947. Sterility tests are per~ 


ne time of poolinge 


Residual moisture. Estimations of the residual moisture content are 


7¢ Ce for 48 hourse A moisture content of less than 1% is acceptable for 

ied vaccine. The residual moisture content of 49 sub-lots averaged 

® with a maximum of 1.46% and a minimum of 0.15%. 

. : immunogenic potency test. The mouse protection test employed is that 
ribed in Federal Security Agency, National Institute of Health, linimun — 
uirenents, Japanese Encephalitis Vaccine, Chick Hubryo Type, dried, August 7, 
, Potency tests are performed on one or more sub-lots of each lot of 

ried vaccine. Freshly rehydrated material is used for each series of immuniz- 


i injections of mice. If a nunber of sub-lots are dried over a period longer i 


- he 
eh need 


ays 1947, two batches of 2600 eggs each were inoculated and harvested 
ly and these together yielded about 90,000 cc. of a 20% suspension of — oe 


: ee Vasus. In general, the material produced each week was pooled — oe 


ue De issin were prepared. of — amount 15% was discarded as sedi- 


of = 


_ fomatintea arr winated of the 8 s odinent 1 was  tyophs ised; thi 
to 767,550 CCeos (30,702 ae) Because of the Linited faoili 


urea each week in order to retard antigenic star tecueese, - . 
"period approximately 250,000 cee were so treated, however , relativel; it 
a of this was subsequently used for the ieouandiatiin! of military perconnele 
During the three and a half months of production one entire lot and ¢ 


oative of poor ‘Grebanoperits activity. It may be noted that the Seciieths i 


zy the titer regerded here as a prerequisite for a potent vacoine. A total of 
ey 887,980 cc (23,528 ampoules) of lyophilized vaccine was shipped between 19 
| and 26 June, (1947 for the immnization of military personnel in the Fer Eas 
| STABILITY OF THE VACCINE actual 
- dapenese encephalitis vacoine, chick embryo type, when in the fluid 
_ “state deteriorates rapidly. The majority of such preparations are no Longer a 
| oe: ‘acoeptable potency after 40 days at 5° C. When held at 37° Co, three 
“hours is sufficient to destroy tial of the siya material in the ve 
? (See Table 1)o In contrast, dried chick enbryo vaccine is quite stable. r 
| a be stored at 5° Co for at least 77 days without appreciable change: in 
aes its assay value (See Table 2)0 Furthermore, dried vaccine stored at room 4 


a | 87? cy 


eet 


tenporature for tw weeks displays no loss of Pasi pide whereas when held « at 


ietialaes, in the oritical range near the present level of ace hold 


bi: ity, marked variation occurs in repeated tests. _ Two examples among : ’ ‘ 

may be cited. Sub=lot A of one lyophilized vaccine when tested on | ie 
April 1947 had an assay value of 0.031 cco. and when retested on 26 tay | . 
value was 0.015 cc; sub-lot C of this same vaccine had a value of ; - 

095 CCG» when tested on 29 April. Sub-lot A of another lyophilized vacq- © a 
when tested on 3 June and retested on 6 June gave values of 0.011 and 4 
2025 086, | respectively. Three assays performed on other sub-lots of this | = 
same vaccine had values of 0.012, 0.016 and 0.026 co, Inall 6 of the teste = 
which the above mentioned assays were included, the intraperitoneal titer ‘ 


F a 
ipbnwvasoinated control mine 100%... Further evidenes indicating that minor >. 


yophilized chick enbryo vaccine with assay values of 0.006 or Oo015 con 
doit neutralizing antibodies against Japanese encephalitis virus in PAS: 


1 beings; little if any difference was observed (3). Efforts should be ‘ é on 


cally oliminated when penicillin is added to the seed virus and to the : 


vaccine, The addition of small amounts of penicillin to the seod virus is 


probably the more importent step since it apparently inhibits the growth 
| introduced at the time of ee The employment of an cttbtotte 


itis vaccine has si dved satisfactory and should be continued. 
“Daring the past year all lots of vaccine having an “infectious titer . 
syste or greater were setisfactory and none with titers below this level | 
“were noceptable. The average infective titer for 12 acceptable lots was 
‘ " 1977682, it is recomended that only lots with infective titers of 107% 


ee renter be considered for further processing and testings 


Furthermore, chick eabryo vaccines prepared from these ite : 


a of inferior aia ‘ise assayed in mice and by the standard noted 


r _" produst is of relatively stable potency. The nethod for 


encephalitis vaccine both in regards stability and eaidiniad notsture 
3 Tt is recommended that until more improved methods are ‘developed 

: - ples of drying embodied in the present work be used ed subsequent 

: ure > of this vaccine. It is further recomended that a residual 


TABLE 1 


Deterioration of Fluid and Dried Vaccines at 37° 


Po yeseine = Saar Assay 
e  thmber Treatment teleDe 
Fluid Lot 12 60 days at 4° ¢ | 0.0125 coo 

4 60 days at 4° C #3 hrs. at 379°C 0.095 co. 
ft 60 days at 49 C £6 hrs. at 37°C 0.10 aes 
" 60 days at 4° C ¥# 24 brs. at 379°C 0510 ce 
Dried Lot 1A 30 days at 4° C 0,011 oce 
" 15 days at 4° ¢ £15 days at 259°C 0.015 cc. 
: 15 days at 4° c 4 15 at 37°C 0.025 cce 
Dried Lot GA 35 days at 4° ¢ 0.012 Goo 
4 21 days at 49°C £14 days at 25°C 0,016 cee 


_____" ak days at 4° C £14 days at S7°C_ 0.022 cee 


TABLE 2 


Stability of Vacoines Stored at 4° C. 


etween 
and Ass 


8 days 
60 days 
1 day 
3O days 
77 days 
135 days 
7 days 
124 days 


Assay 
MeloDe 


0.015 cco 

0.0098 cca 
0.006 coe 
0,011 cco 
0.015 cc. 
0.019 coe 
0.008 cco 


0.019 cee 


acc 
Lot 


SD 


€ 
and Assa 


5 days 
28 days 
120 days 
4 days 
35 days 
1 dey 
25 days 


of Dr 


Vaccines were lyophilized 18-22 days after harvest o 
the infected embryos. 


@ Assay 
Me le De 


0.015 cc. 
0.019 coc. 
0.015 cc. 
0.0083 cco 
0.012 cc. 
0.008 ceo 


0.018 ecco 
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Description of hiliz aratus Bauer & Pickels 


The brass manifolds (A) are attached to a condenser (B) which is im- 
morsed in a large Dewar flask (C) containing ethyl alcohol and solid FO ge 
A high vacuum rotary pump (D) is attached to the condenser and serves to eva- 
cuate the system. The manifolds are fitted with nipples to which the ampoules 
are attached by rubber tubing. The manifolds and empoules are placed within 
an insulated compartment (£) which can be cooled by mechanical refrigerat ion 
(F) to -20° C, Drawing reproduced with pormission of the International 


Health Division of the Rockefeller Foundation. 
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FIGURE 2 


TEMPERATURE AND VACUUM DATA OBTAINED DURING 
LYOPHILIZATION OF JAPANESE ENCEPHALITIS VACCINE, 
CHICK EMBRYO TYPE (Lot Il4C, Unit 2, 6-4-47 ) 
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